The risk of lactic acidosis during metformin therapy is linked to specific and well-documented conditions that constitute contraindications or precautions to use of the agent. We conducted a retrospective evaluation of metformin use to determine whether prescribing practices are in accord with published contraindications and precautions.
M
ETFORMIN is a biguanide derivative that is used in the treatment of type 2 diabetes mellitus. It is currently considered the initial drug of choice for overweight patients (without contraindications) who have type 2 diabetes mellitus with or without dyslipidemia, and it is often used in sulfonylurea-treated patients who have not achieved their desired therapeutic goal. 1 Metformin is pharmacologically related to phenformin hydrochloride, which was withdrawn from the US market in 1976 (owing to an association with an unacceptably high incidence of lactic acidosis). Because of structural and pharmacokinetic differences between the compounds, the reported incidence of lactic acidosis with metformin therapy is 10 to 20 times less than that with phenformin use 2 ; however, the literature contains numerous case reports of metformin-associated lactic acidosis. To reduce the likelihood of the development of lactic acidosis, the product labeling for metformin identifies the clinical conditions or patient characteristics that increase the risk of lactic acidosis. 3 These precautionary conditions and contraindications are listed in Table 1 .
Despite the availability of prescribing guidelines, metformin continues to be prescribed to patients at risk for lactic acidosis. For example, a 3-month review 4 of prescribing patterns in a United Kingdom diabetes mellitus clinic concluded that more than half of the patients prescribed metformin had conditions that predisposed them to lactic acidosis. In another study 5 from Europe, 73% of patients receiving metformin as outpatients had contraindications to its use on admission to the hospital.metformin), the patient received the drug. This case raised our suspicion that failure to recognize factors that place patients at risk for lactic acidosis during metformin therapy may be more widespread than hitherto recognized. Therefore, we set out to determine the prevalence of risk factors for lactic acidosis in patients treated with metformin at the UPMC Presbyterian.
RESULTS

PATIENT POPULATION
During the 6-month study, there were 263 hospital admissions involving 204 patients to whom metformin was administered. The mean age of the group was 66 years (range, 34-93 years). The patient group was predominantly white (81%) and was equally divided among men (n=103) and women (n=101). Most admissions were to medical services, with the cardiology and general medicine services accounting for 109 admissions (41%). Of the 204 patients, 164 were admitted once, 28 were admitted twice, 7 were admitted 3 times, 4 were admitted 4 times, and 1 was admitted 6 times during the study. The median length of stay was 5 days (range, 1-80 days).
The discharge date was recorded as the day after the admission date in 43 (16%) of the 263 admissions.
RISK FACTORS FOR LACTIC ACIDOSIS
There was no statistical difference in the prevalence of contraindications (P =.18) or precautionary conditions (P =.32) in patients on the medical service vs a surgical service ( Table 2) . Table 3 gives the specific risk factors for lactic acidosis that patients had at the time of hospital admission or at some point during hospitalization. Of 204 patients receiving metformin, 126 (62%) had either an absolute contraindication to metformin use or a condition deemed to be a precaution. Sixty-four of these (31%) had at least 1 absolute contraindication to its use. Viewed from the standpoint of the total number of admissions, 159 (60%) of 263 involved patients with either an absolute contraindication or a precautionary condition, and 71 (27%) involved patients with 1 or more absolute contraindications. The most common absolute contraindication to metformin use in our population was an elevated serum creatinine concentration during hospitalization, occurring in 32 admissions (12%). No patients had an ICD-9 code for CHF. Of the precautions against metformin use, concomitant administration of cationic agents was the most common, occurring in 97 admissions (37%). In fact, the patient who was admitted to the hospital 6 times received vancomycin (a cationic drug that constitutes a precautionary condition) during 4 of those admissions.
We further evaluated whether metformin therapy was continued in patients possessing any specific risk factor for lactic acidosis. When all 71 admissions with at least 1 absolute contraindication were considered, 29 patients (41%) continued to receive metformin despite the contraindication. Table 4 gives the prevalence of metformin continuation by specific risk factor and by hospital service. Metformin use was continued in 24 (75%) of the 32 admissions during which an elevated serum cre- 
MATERIALS AND METHODS
The Department of Pharmacy and Therapeutics at the UPMC Presbyterian provides operational pharmacy services to 42 nursing units using automation (unitbased dispensing cabinets and robotics) and satellite pharmacy services. Clinical pharmacists provide advanced pharmaceutical care in several patient care areas. The UPMC Presbyterian uses a 3-method system to identify adverse drug events: voluntary reporting, retrospective review of patients with Ecodes (International Classification of Diseases, Ninth Revision [ICD-9], code for adverse drug event), and computer surveillance.
This study was approved by the institutional review board of the University of Pittsburgh. All inpatients hospitalized at the UPMC Presbyterian between March 1, 1998, and August 30, 1998, who received at least 1 dose of metformin were identified through the hospital pharmacy database. Patient demographics and clinical characteristics were then evaluated to determine whether patients possessed any of the risk factors associated with lactic acidosis (Table 1 ). Comorbidities such as congestive heart failure (CHF) and chronic obstructive pulmonary disease were identified through ICD-9 codes. Laboratory records were reviewed to determine hepatic and renal function and pH values. Pharmacy and billing records were reviewed to determine whether patients received iodinated contrast dye or cationic drugs, including digoxin, procainamide hydrochloride, quinidine, and vancomycin. The 2 test and the Fisher exact test (depending on event frequency) were used to compare the frequency of specific risk factors in the admitting services.
atinine concentration was recorded. Similarly, 16 (53%) of 30 patients who received contrast dye during an admission received metformin the day after the contrast procedure. Of these 16 patients, a higher proportion were on the medical service compared with a surgical service (P=.02). There were no other statistical differences between the medical and surgical services in the observed frequency of metformin therapy continuation despite contraindications or precautions.
Nine patients who received metformin at some point during a hospital admission died. In 6 of these patients, the drug was given despite the presence of an absolute contraindication (elevated serum creatinine concentration in 4 patients and administration of contrast dye in 2 patients). In addition, 4 of these patients were older than 80 years, and 2 of them continued to receive metformin despite a marked elevation in liver transaminase concentrations. In 2 patients who died and 1 who survived, elevated lactate concentrations were found (Ͼ7 mmol/L [63 mg/dL] in all patients, with a concentration as high as 11.9 mmol/L [107 mg/dL] in 1). In these patients, all of whom had renal dysfunction and 1 of whom had end-stage liver disease, there was a temporal relationship between metformin administration and the elevated lactate concentrations. Metformin-associated lactic acidosis (MALA) could not be ruled out in these 3 patients with the information available to us.
COMMENT
During the first year that metformin was available in the United States (actually May 1995 through June 30, 1996), 47 confirmed cases of lactic acidosis were reported to the Food and Drug Administration (FDA), which translates to an incidence rate of 5 per 100000. 6 Forty-three (91%) of the 47 cases occurred in patients at high risk for lactic acidosis because of preexisting cardiac disease, renal insufficiency, or chronic obstructive pulmonary disease with hypoxia. Twenty (43%) of these 47 patients died.
Although the reported incidence of MALA is rare, the product labeling for metformin states that the drug is contraindicated in patients with risk factors for lactic acidosis. 3 Metformin increases intestinal lactate production and contributes to the hyperlactatemia seen in patients who accumulate metformin in the setting of a hypoxic event or defective lactate elimination (renal or hepatic failure). 7 Despite this, it remains unclear whether metformin is a contributing cause of lactic acidosis or if it is merely a drug with a coincidental link to lactic acidosis. Nearly all reported cases of MALA occurred in patients who were already at high risk for lactic acidosis. 7, 8 However, it is impossible to refute with absolute confidence that such a relationship exists based on the currently available data. Reliance on incidence rates of MALA as reported to the FDA or equivalent governmental agen- cies in other countries is confounded by the observation that the FDA may actually receive an official report of just 1% of all serious or fatal adverse drug reactions. 9 The authors of a retrospective review of a large electronic health maintenance organization database determined that the overall rate of lactic acidosis in patients with type 2 diabetes mellitus before the availability of metformin (1993-1994) was similar to the incidence of MALA (as reported to the FDA in 1995-1996). 8 A major limitation of this study, however, is that the approach used may underestimate the true magnitude of the association between metformin and lactic acidosis; the metformin-treated group may have been biased in favor of lowrisk patients because of the known association of the drug with lactic acidosis, whereas the retrospective data set comprised "all-comers." In other words, the incidence of MALA might be higher if all individuals with diabetes mellitus are deemed eligible for the drug.
It remains important that physicians, nurse practitioners, physician assistants, and other health care professionals (including nurses and pharmacists) responsible for drug delivery remain aware of patient-specific factors that increase a patient's risk of MALA. Our analysis leads to the conclusion that metformin continues to be prescribed to patients who are at high risk for lactic acidosis. What is particularly alarming is the fact that the problem may be even more widespread than is evident from our data. The prevalence of risk factors in our study population was most likely underestimated for several reasons, most having to do with the retrospective nature of the study design. First, given patient age and concurrent medications taken, it is likely that CHF was a comorbidity for some, if not many, patients. Yet, none of the patients in the study were discharged from the hospital with an ICD-9 code for CHF. It is likely that CHF was not coded unless it was the medical problem that directly resulted in the current hospitalization. Second, data linking metformin use in patients with other relative contraindications, such as alcohol abuse, or patients receiving surgical procedures were not collected. Third, we were unable to ascertain whether patients discharged the same day as a procedure that required intravascular contrast material may have restarted metformin therapy before completion of the required 48-hour waiting period following dye administration. Thus, a limitation of this study is that the actual prevalence of risk factors may be significantly higher than that identified in this patient population.
It is also important to recognize that our study was designed neither to verify that metformin therapy causes lactic acidosis nor to suggest that metformin use should be avoided in all patients with relative precautions to the drug. Rather, we were interested in determining whether prescribers were complying with the labeled contraindications and precautions to the use of metformin. In this regard, we determined that at the time of or some time during admission to the hospital, approximately 1 in 4 patients developed at least 1 absolute contraindication to the drug, and in nearly half of these, metformin therapy was continued despite the contraindication. This failure to recognize contraindications was just as likely to occur on a medical service (by those who may be "routine prescribers" of metformin) as it was on a surgical service (by those who may be less familiar with the drug).
Several relatively safe and effective drugs (terfenadine, astemizole, mibefradil dihydrochloride, bromfenac sodium, and cisapride) have recently been withdrawn from the US market mainly because they were used in patients with labeled contraindications. 10, 11 The US FDA has said that additional drugs will likely be removed from the market unless there is a change in the way health care professionals regard safety warnings. 10 We believe that compliance with metformin prescribing guidelines is essential not only if MALA is to remain a rare entity but also if metformin is not to have a similar fate.
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